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OVERLAY MEASUREMENT ON DOUBLE
PATTERNING SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of the filing date of U.S.

Provisional Application 60/960,698 filed on Oct. 10, 2007.

The subject matter of that application 1s incorporated herein
by reference as 1t fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a method of measuring,
overlay on a substrate including two structures manufactured
by way of a double patterning technique. It also relates to a
method of manufacturing two structures on a substrate which
can be used to measure overlay.

2. Related Art

A lIithographic apparatus 1s a machine that applies a desired
pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In that
instance, a patterning device, which is alternatively referred
to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This
pattern can be transierred onto a target portion (e.g. compris-
ing part of, one, or several dies) on a substrate (e.g. a silicon
waler). Transfer of the pattern 1s typically via imaging onto a
layer of radiation-sensitive material (resist) provided on the
substrate. In general, a single substrate will contain a network
of adjacent target portions that are successively patterned.
Known lithographic apparatus include so-called steppers, 1n
which each target portion 1s irradiated by exposing an entire
pattern onto the target portion at one time, and so-called
scanners, 1 which each target portion 1s rradiated by scan-
ning the pattern through a radiation beam 1n a given direction
(the “scanning’-direction) while synchronously scanning the
substrate parallel or anti-parallel to this direction. It 1s also
possible to transier the pattern from the patterning device to
the substrate by imprinting the pattern onto the substrate.

To improve the critical dimension (CD) of modem semi-
conductors, a techmque called Double Patterning (DP) 1s
used. In this technique two exposures are executed for one
single layer on the substrate. For each exposure a specific
mask 1s used that together with the other mask forms the
desired pattern. Instead of Double Patterning, so-called Mul-
tiple Patterning 1s used wherein more than two exposures are
used to form the desired pattern 1n a layer on a substrate.

Double patterning 1s used with critical dimensions of less
than 100 nm. When forming a second structure next to a first
structure 1n order to form a desired pattern, an overlay error
may be present that 1s defined as the difference between the
actual position of the second structure relative to the desired
position of the second structure. The overlay error occurs due
to alignment 1ssues and/or optical errors 1 a lithographic
apparatus. The overlay error will depend on the positionon a
substrate. In case of double patterning, the overlay error 1s
referred to as Double Patterning Overlay error, 1.e. DPTO
error. To indicate that this error may vary as a function of the
position on a substrate, below the term DPTO(X,y) 1s used.

So-called CDU waters (CDU-critical dimension unifor-
mity) are used to measure the DPTO(x,y) of a system. A CDU
waler 1s measured using for example a Scanning Electron
Microscope (SEM) to obtain images of the CDU wafer at
multiple points on the substrate. The CDU water may for
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example comprise a pattern of parallel lines that 1s formed by
a double patterning technique, where elements (i.e. lines) of a
first structure alternate with elements of a second structure.
The first structure 1s formed using a first exposure and the
second structure 1s formed at a second exposure. The images
can be made around predetermined points (X, y,) on the
substrate. The images are input for an image processor that 1s
arranged to measure the DPTO for each image. To do this, the
image processor needs to 1dentily the first structure from the
second structure. A possible solution 1s to mstruct the SEM to
scan areas around the predetermined points (x,,y,) so that the
predetermined points (X., v;) are positioned at a predefined
position on each image (for example the exact centre of the
image). Knowing that one of the lines of the first structure (or
the second structure) 1s positioned at exactly position (X, v,),
it can be concluded by the image processor that the line in the
centre of the image 1s part of the first structure. This informa-
tion 1s needed to calculate the correct DPTO(X,y). However,
due limitations in the hard- and software of the metrology
tool, the identification of structures might be unreliable,
resulting 1n errors of the calculated overlay error DPTO(X,y).

BRIEF SUMMARY OF THE INVENTION

It 1s desirable to improve the reliability of the calculated
double patterning overlay error on a substrate having test
structures.

According to an aspect of the invention, there 1s provided a
method of measuring overlay between a first structure and a
second structure on a substrate. The first structure includes a
first plurality of equidistant elements and the second structure
includes a second plurality of equidistant elements. The first
plurality of equidistant elements alternate with the second
plurality of equidistant elements, and wherein a design width
CD, of the first plurality of equidistant elements 1s different
from a design width CD, of the second plurality of equidistant
clements. The method includes receiving a plurality of points
of interest (x,,v,) to be investigated on the substrate. An over-
lay error DPTO 1s determined between the first structure and
the second structure for each point of interest (x,,y,). For each
point of interest (X,,y,) there 1s measured a width W, of a first
clement and a width W, of a second element. For each point
ol interest (x.,y,) a difference 1s determined between the mea-
sured width W, of the first element and the width W, of the
second element. A distribution 1s determined of the number of
points of interest having approximately the same value for the
difference as a function of the difference. If the distribution
has a sub-distribution around a value W, -W, having an oppo-
site sign as compared to the difference CD,-CD,, points of
interest are 1dentified that are associated with the subdistri-
bution as having incorrectly measured overlay errors.

According to an aspect of the invention, there 1s provided a
method of manufacturing an overlay measurement structure
on a substrate. The method includes forming a first structure
on the substrate using a first exposure of a first patterning
device, the first structure having a first plurality of equidistant
clements. A second structure 1s formed on the substrate using
a lirst exposure of a second patterning device. The second
structure has a second plurality of equidistant elements. The
first plurality of equidistant elements alternate with the sec-
ond plurality of equidistant elements, and a design width of
the first plurality of equidistant elements 1s different from a
design width of the second plurality of equidistant elements.

According to an aspect of the invention, there 1s provided
an overlay measurement structure manufactured according to
the method as described above.
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BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the imnvention will now be described, by
way ol example only, with reference to the accompanying,
schematic drawings in which corresponding reference sym-
bols indicate corresponding parts, and in which:

FIG. 1 depicts a lithographic apparatus which can be used
to carry out the manufacturing method according to an aspect
of the imnvention;

FIG. 2 schematically shows an image of a part of a CDU
waler according to the state of the art;

FIG. 3 shows an example of a configuration of structures
according to an embodiment of the invention;

FI1G. 4 diagrammatically shows part of system arranged to
measure overlay errors on a substrate;

FIG. 5 schematically shows part of two structures having
an overlay error;

FIG. 6 1s a graph showing a distribution of measurement
point as a function of the difference in width of the elements
of the two structures:

FIG. 7 shows an example of a configuration of structures
according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 schematically depicts a lithographic apparatus
which can be used to carry out the manufacturing method
according to an aspect of the invention. The apparatus
includes an illumination system (1lluminator) IL configured
to condition a radiation beam B (e.g. UV radiation). A support
structure (e.g. a mask table) MT 1s constructed and arranged
to support a patterming device (e.g. a mask) MA and is con-
nected to a first positioner PM configured to accurately posi-
tion the patterming device 1n accordance with certain param-
cters. A substrate table (e.g. a waler table) WT is constructed
and arranged to hold a substrate (e.g. a resist-coated water) W
and 1s connected to a second positioner PW configured to
accurately position the substrate 1n accordance with certain
parameters. A projection system (e.g. a refractive projection
lens system) PS 1s configured to project a pattern imparted to
the radiation beam B by patterning device M A onto a target
portion C (e.g. comprising one or more dies) of the substrate
W.

The 1llumination system may include various types of opti-
cal components, such as refractive, reflective, magnetic, elec-
tromagnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, for directing, shaping, or
controlling radiation.

The support structure supports, 1.¢. bears the weight of, the
patterning device. It holds the patterning device in a manner
that depends on the orientation of the patterning device, the
design of the lithographic apparatus, and other conditions,
such as for example whether or not the patterning device 1s
held 1n a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping tech-
niques to hold the patterning device. The support structure
may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that
the patterning device 1s at a desired position, for example with
respect to the projection system. Any use of the terms
“reticle” or “mask” herein may be considered synonymous
with the more general term “patterming device.”

The term “patterning device” used heremn should be
broadly interpreted as referring to any device that can be used
to 1mpart a radiation beam with a pattern in 1ts cross-section
such as to create a pattern 1n a target portion of the substrate.
The pattern imparted to the radiation beam may not exactly
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correspond to the desired pattern 1n the target portion of the
substrate, for example 1t the pattern includes phase-shifting
features or so called assist features. Generally, the pattern
imparted to the radiation beam will correspond to a particular
functional layer 1n a device being created in the target portion,
such as an itegrated circuit.

The patterning device may be transmissive or reflective.
Examples of patterming devices include masks, program-
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such as
binary, alternating phase-shift, and attenuated phase-shiit, as
well as various hybrid mask types. An example of a program-
mable mirror array employs a matrix arrangement of small
mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam in different directions.
The tilted mirrors impart a pattern in a radiation beam which
1s reflected by the mirror matrix.

The term “projection system” used herein should be
broadly interpreted as encompassing any type of projection
system, including refractive, retlective, catadioptric, mag-
netic, electromagnetic and electrostatic optical systems, or
any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term
“projection lens” herein may be considered as synonymous
with the more general term “projection system”.

As here depicted, the apparatus 1s of a transmissive type
(e.g. employing a transmissive mask). Alternatively, the appa-
ratus may be of a reflective type (e.g. employing a program-
mable mirror array of a type as referred to above, or employ-
ing a retlective mask).

The lithographic apparatus may be of a type having two
(dual stage) or more substrate tables (and/or two or more
mask tables). In such “multiple stage” machines the addi-
tional tables may be used 1n parallel, or preparatory steps may
be carried out on one or more tables while one or more other
tables are being used for exposure.

The lithographic apparatus may also be of a type wherein at
least a portion of the substrate may be covered by a liquid
having a relatively high refractive index, e.g. water, so as to
{11l a space between the projection system and the substrate.
An immersion liqud may also be applied to other spaces in
the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well
known 1n the art for increasing the numerical aperture of
projection systems. The term “immersion” as used herein
does not mean that a structure, such as a substrate, must be
submerged 1n liquid, but rather only means that liquid 1s
located between the projection system and the substrate dur-
Ing exposure.

[1luminator IL receives a radiation beam from a radiation
source SO. The source and the lithographic apparatus may be
separate entities, for example when the source 1s an excimer
laser. In such cases, the source 1s not considered to form part
ol the lithographic apparatus and the radiation beam 1s passed
from the source SO to the illuminator IL with the aid of a
beam delivery system BD comprising, for example, suitable
directing mirrors and/or a beam expander. In other cases the
source may be an integral part of the lithographic apparatus,
for example when the source 1s a mercury lamp. The source
SO and the illuminator IL, together with the beam delivery
system BD if required, may be referred to as a radiation
system.

The 1lluminator IL may comprise an adjuster AD for
adjusting the angular intensity distribution of the radiation
beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as o-outer and o-1nner, respectively)
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ol the intensity distribution 1n a pupil plane of the 1lluminator
can be adjusted. In addition, the 1lluminator IL may comprise
various other components, such as an integrator IN and a
condenser CO. The 1lluminator may be used to condition the
radiation beam, to have a desired uniformity and intensity
distribution 1n 1its cross-section.

The radiation beam B 1s incident on the patterning device
(e.g., mask MA), which 1s held on the support structure (e.g.,
mask table MT), and 1s patterned by the patterning device.
Having traversed the mask MA, the radiation beam B passes
through the projection system PS, which focuses the beam
onto a target portion C of the substrate W. With the aid of the
second positioner PW and position sensor IF (e.g. an inter-
terometric device, linear encoder or capacitive sensor), the
substrate table WT can be moved accurately, e.g. so as to
position different target portions C in the path of the radiation
beam B. Similarly, the first positioner PM and another posi-
tion sensor (which 1s not explicitly depicted in FIG. 1) can be
used to accurately position the mask MA with respect to the
path of the radiation beam B, ¢.g. after mechanical retrieval
from amask library, or during a scan. In general, movement of
the mask table MT may be realized with the aid of a long-
stroke module (coarse positioning) and a short-stroke module
(fine positioning), which form part of the first positioner PM.
Similarly, movement of the substrate table WT may be real-
1zed using a long-stroke module and a short-stroke module,
which form part of the second positioner PW. In the case of a
stepper (as opposed to a scanner) the mask table MT may be
connected to a short-stroke actuator only, or may be fixed.
Mask MA and substrate W may be aligned using mask align-
ment marks M1, M2 and substrate alignment marks P1, P2.
Although the substrate alignment marks as 1llustrated occupy
dedicated target portions, they may be located in spaces
between target portions (these are known as scribe-lane align-
ment marks). Similarly, 1 situations in which more than one
die 1s provided on the mask MA, the mask alignment marks
may be located between the dies.

The depicted apparatus could be used 1n at least one of the
tollowing modes:

1. In step mode, the mask table MT and the substrate table
WT are kept essentially stationary, while an entire pattern
imparted to the radiation beam 1s projected onto a target
portion C at one time (1.e. a single static exposure). The
substrate table W 1s then shifted 1n the X and/orY direction
so that a different target portion C can be exposed. In step
mode, the maximum size of the exposure field limits the size
of the target portion C 1maged 1n a single static exposure.

2. In scan mode, the mask table MT and the substrate table
WT are scanned synchronously while a pattern imparted to
the radiation beam 1s projected onto a target portion C (1.e. a
single dynamic exposure). The velocity and direction of the
substrate table WT relative to the mask table MT may be
determined by the (de-)magnification and image reversal
characteristics of the projection system PS. In scan mode, the
maximum size of the exposure field limits the width (in the
non-scanning direction) of the target portion 1n a single
dynamic exposure, whereas the length of the scanning motion
determines the height (1n the scanning direction) of the target
portion.

3. In another mode, the mask table MT is kept essentially
stationary holding a programmable patterning device, and the
substrate table WT 1s moved or scanned while a pattern
imparted to the radiation beam 1s projected onto a target
portion C. In this mode, generally a pulsed radiation source 1s
employed and the programmable patterning device 1s updated
as required after each movement of the substrate table WT or
in between successive radiation pulses during a scan. This
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mode of operation can be readily applied to maskless lithog-
raphy that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above.

Combinations and/or variations on the above described
modes of use or entirely different modes of use may also be
employed.

FIG. 2 schematically shows an image 20 of apartotfa CDU
waler according to the state of the art. This image could have
been made using a SEM or any other suitable imaging appa-
ratus. The image 20 comprises a plurality of lines 21, 23, 25
of a first structure produced during a first exposure and a
plurality of lines 22, 24 of a second structure produced during
a second exposure. In order to calculate the local DPTO, 1.e.
the DPTO at the point (x,,y,) around which the image of FIG.
2 1s made, the 1mage 1s processed by an image processor. The
image processor needs to distinguish structure 1 from struc-
ture 2. Due to 1naccuracies of the SEM, 1t can be difficult to
distinguish structure 1 from structure 2.

Therefore, according to an embodiment of the invention, a
substrate 1s used for calculating the DPTO which comprises a
first structure and a second structure, wherein the first struc-
ture comprises a first plurality of equidistant elements and the
second structure comprises a second plurality of equidistant
clements, wherein the first plurality of equidistant elements
alternate with the second plurality of equidistant elements,
and wherein a design width CD, of the first plurality of
equidistant elements 1s different from a design width CD, of
the second plurality of equidistant elements. An example
structures 1s shown 1n FIG. 3.

FIG. 3 shows an 1mage 30 having parallel lines 31, 33
produced by way of a first exposure, and parallel lines 32, 34
produced by way of a second exposure. The width CD1 of the
lines 31, 33 1s unequal to the width CD2 of the lines 32, 34. In
this case the width CD1 1s larger than the width CD2. Typical
values for CD1 are between 40-70 nm and typical values for
CD2 are between 20-50 nm.

FIG. 4 diagrammatically shows a SEM 40 that 1s arranged

to scan predefined parts of a CDU substrate 41. The SEM 40

receives data representing points (X,y) to be investigated on
the CDU substrate 41. The SEM 40 produces images 42 of for

example areas around each of the points (x.,v,) to be 1nvesti-
gated 1n which the point (X,v) are 1n the centre of the 1mages.
It should be clear to the skilled person that the SEM 40 may be
arranged to produce images that are determined by the points
(X,y) 1n any other way. An image I1 could for example be made
of arectangular area a corner of which 1s the point (x,,y,). The
images 42 are mput for a image processor 43 which 1is
arranged to calculate the DPTO(X,y) for each point (x,,y,) to
be mvestigated. This DPTO(X,y) 1s input for a data processor
44.

It 1s noted that instead of using a SEM, another metrology
tool could be used, such as a scatterometer, to measure areas
determined by the points (x,,v,), as will be clear to the skilled
person.

In FIG. §, an example 1s given of how the 1image processor
43 can determine a DPTO using a specific image. FIG. 5
shows only the relevant lines of the image. A first structure
comprises lines 51, 53 the width of which 1s larger than the
width of lines 52, 54 of a second structure. In FIG. 5, the
distance between the left side of the line 53 and the left side of
the line 52 1s referred to as P, . The distance between the right
side of the line 53 and the right side of the line 52 1s referred
to as PR. Furthermore, a pitch P 1s depicted being half the
distance between the centre of the first structure lines 51, 53.
Typical values for the design pitch P on a CDU substrate are
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around 64 nm. A difference P, between the centre of line 52
and the centre of line 53 1s referred to as P, . This P, pitch can
be calculated as follows:

P\=(P;—Pg)/2
Now the DPTO can be calculated as tollows:

(1)

DPTO=P-P, (2)

The DPTO 1s calculated at a plurality of measurement
points on the CDU substrate so that a (non)uniformity of the
overlay error can be determined. So for each point (x,y,) a
value DPTO(X,,y,) 1s determined. According to an embodi-
ment, for each measurement point (x,,y,) a width W, of the
first structure line 53 1s measured and also a width W, of the
second structure line 52, see F1G. 5. A difference between W1
and W2 for each measurement point passed to the data pro-
cessor 44. The data processor 1s arranged to determined a
distribution shown 1n FIG. 6.

In FIG. 6, the number of measurement points having a
value approximately equal to W,-W, 1s shown as a function of
W,-W,. As can be seen from FIG. 6, a relative large distribu-
tion of measurement points 1s present around the design val-
ues CD, -CD, resulting from the fact that actually the graph of
FIG. 6 1s a probability function around an expected value
CD, -CD, with variations due to inaccuracies of the manufac-
turing ol the lines and the inaccuracies of measuring the
widths of the lines. However, as can be seen 1n FIG. 6, at the
left side of there 1s also a second (smaller) distribution. This
distribution (also referred to as subdistribution) has arisen
around a value CD,-CD, which has an opposite sign of the
value CD,-CD,. The second subdistribution 1s the result of an
incorrect identification of the lines by the image processor 43.
This mcorrect 1dentification may be resulting from an 1nac-
curate positioning of the substrate 1n the SEM so that the
image processor, when looking for the line 53 of the first
structure, actually finds a line 54, see FIG. 5 belonging to the
second structure having a smaller width. This will result 1n an
incorrect DPTO(x,,y,). In fact, the incorrect DPTO(X,,y,) may
be corrected by switching the sign of the incorrect DPTO
error ol the measurement point 1n the smaller distribution of
FIG. 6 resulting 1n the correct DPTO error.

Please note that the two sub-distributions of FIG. 6 may
have arbitrary relative dimensions. Both distributions may be
substantially equal 1n height and even the lett subdistribution
(representing the incorrect measurement points) can be larger
than the right distribution. In the extreme case, the left distri-
bution can be the only distribution present. In the latter case,
the DPTO 1s mcorrectly measured 1n all points. Of course,
also the right distribution can be the only one present resulting
from the fact that all DPTO errors are measured correctly.

Although the structures discussed thus far 1n the embodi-
ments consist of lines, the two structures manufactured on the
substrate may have different configurations. An example of
another embodiment 1s shown in FI1G. 7. There, another pos-
sible configuration of the two structures 1s shown wherein the
relatively large circular elements 70, 71, 72, 73, 74 alternate
with relatively small circular elements 75, 76, 77. An advan-
tage of this configuration 1s that 1t can be used to determine a
overlay error i two directions, such as an X-direction and a
Y-direction. In FIG. 7, the relevant parameters are indicated
which can be mput for the following formula’s 1n order to

produce the DPTO,- and the DPTO;:

DPTO =P (P; +Pp, )2, with Py the design pitch in
the X-direction

DPTOy=Py~ (P, +Pg, )2, with Py the design pitch in
the Y-direction.
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Similar to the method described above with reference to
FI1G. 5§ and FIG. 6, an error due to the SEM 1naccuracies can
be corrected for. In this case, two distributions for each image
(1.e. measurement point) need to be calculated.

The elements of the structures (e.g. the lines) can be manu-
factured as holes 1n a top layer of the substrate. Alternatively,
they can be manufactured as elevations on a top layer, or the
clements of the first structure could be holes and the elements
of the second structure could be elevations. Other configura-
tions are possible as will be appreciated by the skilled person.

The different widths CD, and CD, of the structures on the
substrate can be achieved using two masks MA, and MA,
wherein a {first mask MA, comprises elements, such as lines,
having a width CD, and a second mask MA, comprises ele-
ments having a width CD,. Alternatively, only one mask MA
may be used that comprises only the first structure, such as the
parallel lines 31, 33 of FIG. 3, and that this mask MA 1s
exposed twice using a different dose and a different align-
ment. In that case, only one mask 1s needed to manufacture
the two structures.

The method of measuring overlay as described above can
be used as a qualification test. In this case, the substrate may
be a CDU waler comprising structures having alternating
clements 1n which the structures are the main feature on the
reticle. Alternatively, the structures may be test features on a
product water. In that case the structure could be manufac-
tured 1n the scribe-lines on the substrate.

Measuring overlay on double patterning waters, may be
performed on resolution of the lithographic apparatus. So, in
an embodiment, the width of the first plurality of equidistant
clements 1s less than S0 nm.

Although specific reference may be made 1n this text to the
use of lithographic apparatus in the manufacture of ICs, 1t
should be understood that the lithographic apparatus
described herein may have other applications, such as the
manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, tlat-panel
displays, liquid-crystal displays (LLCDs), thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the terms
“water” or “die” herein may be considered as synonymous
with the more general terms “substrate” or “target portion”,
respectively. The substrate referred to herein may be pro-
cessed, before or after exposure, 1n for example a track (a tool
that typically applies a layer of resist to a substrate and devel-
ops the exposed resist), a metrology tool and/or an inspection
tool. Where applicable, the disclosure herein may be applied
to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example 1n
order to create a multi-layer IC, so that the term substrate used
herein may also refer to a substrate that already contains
multiple processed layers.

Although specific reference may have been made above to
the use of embodiments of the invention in the context of
optical lithography, 1t will be appreciated that the mvention
may be used 1n other applications, for example imprint lithog-
raphy, and where the context allows, 1s not limited to optical
lithography. In imprint lithography a topography 1n a pattern-
ing device defines the pattern created on a substrate. The
topography of the patterning device may be pressed 1nto a
layer of resist supplied to the substrate whereupon the resist 1s
cured by applying electromagnetic radiation, heat, pressure
or a combination thereof. The patterning device 1s moved out
of the resist leaving a pattern 1n it after the resist 1s cured.

The terms “radiation” and “beam” used herein encompass
all types of electromagnetic radiation, including ultraviolet
(UV) radiation (e.g. having a wavelength of or about 363,
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355, 248, 193, 157 or 126 nm) and extreme ultra-violet
(EUV) radiation (e.g. having a wavelength in the range of
5-20 nm), as well as particle beams, such as 1on beams or
clectron beams.

The term “lens”, where the context allows, may refer to any
one or combination of various types of optical components,
including refractive, retlective, magnetic, electromagnetic
and electrostatic optical components.

While specific embodiments of the invention have been
described above, 1t will be appreciated that the invention may
be practiced otherwise than as described. For example, the
invention may take the form of a computer program contain-
Ing one or more sequences of machine-readable instructions
describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical
disk) having such a computer program stored therein.

The descriptions above are mtended to be 1llustrative, not
limiting. Thus, 1t will be apparent to one skilled in the art that
modifications may be made to the mvention as described
without departing from the scope of the claims set out below.

What is claimed 1s:

1. A method of measuring overlay between a first structure
and a second structure on a substrate, said first structure
comprising a first plurality of equidistant elements and said
second structure comprising a second plurality of equidistant
clements, wherein said first plurality of equidistant elements
alternate with said second plurality of equidistant elements,
and wherein a design width CD, of said first plurality of
equidistant elements 1s different from a design width CD, of
said second plurality of equidistant elements, said method
comprising;

recerving a plurality of points of interest (X, y,) to be inves-

tigated on said substrate;
determining a double patterning overlay error (DPTO
error) between said first structure and said second struc-
ture for each point of interest (X, y,);

measuring, using a metrology tool or scanning electron
microscope (SEM), for each point of interest (X,y;) a
width W, of a first element and a width W, of a second
element;

determining for each point of interest (X, y;) a difference

between said measured width W, of said first element
and said width W, of said second element;

determining a distribution of the number of points of inter-

est having approximately the same value for said differ-
ence as a function of said difference; and

identifying points of interest associated with a sub-distri-

bution as having incorrectly measured overlay errors
when said distribution comprises said sub-distribution
around a value W ,-W, having an opposite sign as com-
pared to the difference CD,-CD,.

2. The method of measuring overlay according to claim 1,
turther comprising:

switching signs of said incorrectly measured overlay errors

to render correct overlay errors.

[l

5

10

15

20

25

30

35

40

45

50

10

3. The method of measuring overlay according to claim 1,
wherein said DPTO error 1s determined by:

determining a distance P; between a first edge of said first
clement and a corresponding first edge of said second
clement positioned next to said first element 1n a first
predefined direction;

determining a distance P, between a second edge of said
first element and a corresponding second edge of said
second element, said second edge being situated oppo-
site said first edge and said corresponding second edge
being situated opposite said corresponding first edge;
and

calculating said DPTO error for each point of interest (x,,
y.) using formula:

DPTO=P-(P;+Pz)/2, with P being a design pitch.

4. The method of measuring overlay according to claim 2,
wherein said DPTO error 1s determined by:

determiming a distance P, between a first edge of said first
clement and a corresponding first edge of said second
clement positioned next to said first element 1n a first
predefined direction;

determining a distance P, between a second edge of said
first element and a corresponding second edge of said
second element, said second edge being situated oppo-
site said first edge and said corresponding second edge
being situated opposite said corresponding first edge;
and

calculating said DPTO error for each point of interest (x,,
y.) using formula:

DPTO=P —-(P;+Pz)/2, with P being a design pitch.

5. The method of measuring overlay according to claim 1,
wherein said first element 1s localized as being an element
present at or closest to said point of interest (x,,v,).

6. The method of measuring overlay according to claim 1,
wherein said DPTO error for said plurality of points of inter-
est (x,,y,) 1s determined by means of making an 1image 1. of an
area determined by each of said plurality of points of interest
(X,,y,) using a Scanning Electron Microscope.

7. The method of measuring overlay according to claim 1,
wherein said first plurality of equidistant elements comprises
a first plurality of parallel lines, and wherein said second
plurality of equidistant elements comprises a second plurality
of parallel lines.

8. The method of measuring overlay according to claim 1,
wherein said first plurality of equidistant elements comprises
a first plurality of substantially circular elements, and wherein
said second plurality of equidistant elements comprises a
second plurality of substantially circular elements.

9. The method of measuring overlay according to claim 1,
wherein said width of said first plurality of equidistant ele-
ments 1s less than 50 nm.
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